BACKGROUND: Many low-risk patients with pneumonia are hospitalized despite recommendations to treat such patients in the outpatient setting.
C ommunity-acquired pneumonia (designated pneumonia) causes 4 million episodes of illness and more than 1 million hospital admissions in the United States each year. 1 The magnitude of resource use for pneumonia is directly related to inpatient treatment, which costs approximately 20 times as much as outpatient care. 2 Owing to the large cost differences associated with the site of treatment, increasing outpatient management of low-risk patients is one approach to improve the cost efficiency of care for this illness. Other research has demonstrated that physicians may overestimate the severity of illness in low-risk patients with pneumonia, leading to potentially unnecessary hospitalizations rather than the outpatient treatment that is often preferred by patients. 3, 4 The Pneumonia Severity Index (PSI) is a validated prediction rule for prognosis that identifies patients with pneumonia at low risk for 30-day mortality and other adverse medical outcomes. 5 Three previous studies, including the recently completed Emergency Department Community-Acquired Pneumonia (EDCAP) trial, demonstrated the effectiveness and safety of using the PSI to reduce the hospitalization of low-risk patients. [6] [7] [8] Despite the implementation of interventions to increase the proportion of low-risk patients treated in the outpatient setting in these trials, the proportion of low-risk patients hospitalized ranged from 31% to 62.5%. Limited data document the risk factors for the hospitalization of low-risk patients with pneumonia. 9, 10 Identifying these factors and understanding whether hospitalized low-risk patients have one or more of these factors at presentation could lead to further improvements in the efficiency of hospital use among patients with pneumonia and improved interventions to guide the initial site of treatment for such patients. The aim of the present study was to identify the patient, physician, and emergency department characteristics associated with the hospitalization of low-risk patients enrolled in the EDCAP trial. More specifically, we focused on baseline patient characteristics that are not prognostic factors contained in the PSI, such as preexisting medical treatments, coexisting comorbid illnesses, or medical or psychosocial contraindications to outpatient care.
PATIENTS AND METHODS

Study Design
The EDCAP trial is a 32-site cluster-randomized trial designed to compare the effectiveness and safety of 3 emergency deManuscript received November 11, 2005 Initial editorial decision January 24, 2006 Final acceptance March 10, 2006 partment-level interventions to use the PSI to guide the initial site of treatment of patients with pneumonia. 11 In this trial, outpatient treatment was recommended for all low-risk patients, defined as those in PSI risk classes I-III with no evidence of arterial oxygen desaturation (oxygen saturation o90% or oxygen tension o60 mmHg). Inpatient treatment was recommended for all patients with evidence of oxygen desaturation and/or patients in risk classes IV or V (i.e., higher-risk patients).
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Data Collection
Trained research nurses collected the following baseline data using a medical record review: patient sociodemographics, initial vital signs and mental status, comorbid conditions, medical treatments before presentation, physical examination findings, pertinent laboratory test results, and chest radiography findings from the time of presentation. The PSI risk class was calculated based on the 20 prognostic variables collected retrospectively during the medical record review. For all of the dichotomous variables included in the PSI, missing values were assumed to be normal; this is the same strategy used in the original derivation and validation of the PSI. 5 Data on comorbid conditions that were not contained in the PSI included cognitive impairment, history of coronary artery disease, pulmonary disease (i.e., obstructive, reactive, or restrictive lung disease), and diabetes mellitus. Data on medical treatments before and following presentation included home oxygen therapy, oral or inhaled corticosteroid therapy, antibiotic therapy within 7 days of presentation, and type and route of antibiotic therapy for pneumonia. Psychosocial and medical absolute contraindications to outpatient treatment of low-risk patients that were explicitly identified in the EDCAP project guideline included the following new conditions or exacerbations of chronic conditions documented as present during the visit at the emergency department: (1) stupor or coma, (2) severe dementia, delirium, psychiatric illness, acute confusion, or disorientation that may affect compliance with oral antibiotic regimen or other outpatient treatments, (3) intractable vomiting or inability to take oral antibiotics, (4) frailty or serious neuromuscular disorder with inability to conduct activities of daily living at home, (5) known or suspected severe concomitant illness requiring hospitalization (i.e., unstable angina, acute myocardial infarction, life-threatening ventricular arythmia, cardiopulmonary arrest, gastrointestinal bleeding with volume depletion, acute asthma or exacerbation of obstructive pulmonary disease with severe bronchospasm treated with intravenous steroids, heart failure or pulmonary edema treated with intravenous diuretics, diabetic ketoacidosis or hyperosmolar coma, acute renal failure, and venous thromboembolic disease), (6) known or suspected concomitant suppurative infection (i.e., empyema, septic arthritis, bacterial meningitis, endocarditis, peritonitis, brain abscess, pulmonary abscess, or osteomyelitis), (7) severe abnomality in one or more vital signs (i.e., pulse 4150/minute, respiratory rate 440/minute, or systolic blood pressure o60 mm Hg), or laboratory values (i.e., hematocrit o24%, serum sodium o120 mEq/L, serum glucose 4500 mg/dL, or arterial pH o7.25) documented at any time in the emergency department. 11 We also collected the characteristics of participating emergency departments, and the demographic and professional characteristics of all physicians in participating emergency departments.
Site of Treatment
We defined inpatient treatment as hospital admission, transfer from an emergency department to an inpatient hospital observation unit, or admission to an emergency department observation unit with discharge to any setting more than 24 hours after initial presentation. Conversely, we defined outpatient treatment as discharge from the emergency department to any outpatient setting or discharge from an emergency department observation unit within 24 hours of initial presentation.
Statistical Analysis
We used multilevel logistic regression to analyze inpatient treatment with the 3 levels defined by patient, physician, and emergency department. 12 We used the Metropolis-Hastings algorithm (a Markov Chain Monte Carlo method) in MLwiN statistical software (Centre for multilevel modelling, London, UK) to account for the cross-classification of the 21 physicians who enrolled patients at more than one study site. 13 For each predictor considered, we present the odds ratio (OR) of inpatient treatment and associated 95% confidence interval (CI), adjusted for the EDCAP trial intervention arm. In multivariable analysis, we developed a parsimonious model by removing variables from the full main effects model using a backward approach, with a cutoff of P =.05. Independent variables entered into the model included PSI risk class, presence of one or more contraindications to outpatient treatment, presence of one or more comorbid conditions not in the PSI, home oxygen therapy, corticosteroid therapy, antibiotic therapy within 7 days, multilobar radiographic infiltrates, bilateral radiographic infiltrates, presentation at night or on weekend, medical insurance status, antibiotic allergy or intolerance, and nonwhite race. In order to account for the study design of the EDCAP trial, we forced the study intervention arm and the emergency department stratification variables (i.e., teaching status, state, and annual volume) into the multivariable model. Two-sided P values of less than .05 were considered statistically significant.
RESULTS
The EDCAP trial enrolled 3,615 (80.2%) of 4,506 eligible patients. Non-enrolled eligible patients were older and more likely to reside in a nursing home than enrolled patients. We excluded 414 enrolled patients because of the discovery of an exclusion criterion after enrollment or protocol or consent violations ( Fig. 1 ). After 1,312 higher-risk patients were excluded, the study population included 1,889 low-risk patients, with a median of 59 low-risk patients enrolled per emergency department (interquartile range [IQR] =48 to 69).
Patient Characteristics
The 
Univariate Comparisons of Low-risk Inpatients and Outpatients
As shown in Table 1 , PSI risk class was associated with inpatient treatment among low-risk patients. Of the 20 individual prognostic factors that constitute the PSI, 8 were associated with significantly increased odds of inpatient treatment (age, congestive heart failure, cerebrovascular disease, renal disease, respiratory rate 30 per minute, pulse 125 per minute, elevated BUN, and pleural effusion). Non-white race, Medicaid insurance or no health insurance, and presentation at night or on a weekend were associated with decreased odds of inpatient treatment (Table 2 ). In contrast, having one or more contraindications to outpatient treatment; one or more comorbid conditions, laboratory or radiographic abnormalities that were not prognostic factors contained in the PSI; or therapy with oxygen, oral or inhaled corticosteroids, or antibiotics before presentation were all associated with an increased odds of inpatient treatment (Table 2) . No physician or emergency department characteristics other than intervention arm were associated with the initial site of treatment (data not shown).
Factors Independently Associated with Inpatient Treatment of Low-Risk Patients
In multivariable analysis, the factors independently associated with increased odds of inpatient treatment were PSI risk class, one or more contraindications to outpatient treatment, one or more comorbid conditions not contained in the PSI, therapy with oxygen, corticosteroids, or antibiotics before presentation, and presence of multilobar radiographic infiltrates (Table 3) . Two factors independently associated with decreased odds of inpatient treatment were Medicaid insurance and presentation at night or on a weekend. Use of a prospective assessment of PSI risk class did not affect the patient characteristics that were independently associated with the site of treatment or the magnitude of their effect.
Overall, patients with one or more contraindications to outpatient treatment accounted for 32.8% of low-risk inpatients, patients with one or more comorbid conditions that were not contained in the PSI, multilobar radiographic infiltrates, or treatment with oxygen, corticosteroid, or antibiotics before presentation accounted for 47.1% of low-risk inpatients, and patients with no identifiable risk factors for hospitalization other than PSI risk class accounted for 20.1% of low-risk inpatients (Table 4) . Of the 170 low-risk inpatients who had no factor for hospitalization other than those that determine PSI risk class, 20.6% were assigned to PSI risk class I, 46.5% to risk class II, and 32.9% to risk class III.
DISCUSSION
Outpatient treatment is frequently recommended for low-risk patients with pneumonia. [14] [15] [16] Patients assigned to PSI risk classes I to III are at low risk for short-term mortality and FIGURE 1. Patient enrollment. Low-risk patients were in Pneumonia Severity Index (PSI) risk classes I to III with no evidence of arterial oxygen desaturation (oxygen saturation o90% or oxygen tension o60 mmHg), and higher-risk patients comprised all patients with evidence of oxygen desaturation and/or patients in risk classes IV or V.
adverse medical outcomes based on the derivation and validation cohorts of the PSI. 5 Outpatient treatment is often preferred by low-risk patients 4 and costs substantially less than inpatient treatment. 2 Yet, 44.7% of low-risk patients enrolled in the ED-CAP trial were hospitalized despite the implementation of low, moderate, and high-intensity interventions to increase treatment in the outpatient setting. This observation highlights the importance of physician judgment in the initial site of treatment decision for low-risk patients with pneumonia. In this study, we identified the patient characteristics that are independently associated with the initial site of treatment of low-risk patients enrolled in the EDCAP trial. In addition to PSI risk classes II and III, patient characteristics associated with the hospitalization of low-risk patients were the presence of medical or psychosocial contraindications to outpatient treatment, comorbid conditions not contained in the PSI, multilobar radiographic infiltrates, and therapy with oxygen, corticosteroids, or antibiotics before admission. Two patient-level factors, Medicaid insurance and presentation at night or on a weekend, were negatively associated with inpatient treatment in our multivariable analysis. A previous study found a similar negative association between Medicaid insurance and inpatient treatment 10 ; however, other studies have identified low socioeconomic status as a major reason for hospital admission of low-risk patients with pneumonia. [17] [18] [19] One potential explanation for this discrepancy is that some characteristics associated with low socioeconomic status, such as homelessness, pulmonary tuberculosis, positive human immunodeficiency virus serology, alcoholism, and illicit drug use, were used as exclusion criteria in our study. Indeed, Stelianides et al. 20 reported that patients with low socioeconomic status did not have more severe presentation or worse outcomes than other patients, after adjusting for these potential confounding factors. That patients presenting at night or on weekends were less likely to be treated as inpatients was consistent with the study of Halm et al. 10 and might be explained by the fact that these patients were more likely to be workers. The relative frequency of hospital admissions related to severe alcoholism or social problems incompatible with outpatient treatment, which often represent compelling reasons for inpatient care, could not be assessed in our study population owing to the exclusion criteria of the EDCAP trial. Three distinct groups of hospitalized low-risk patients can be identified based upon the risk factors for hospitalization identified in this study. The first group consisted of patients with medical or psychosocial contraindications to outpatient treatment. Although hospital admission of these patients was likely to reflect physician compliance with explicit criteria in the EDCAP project guideline that identified contraindications to outpatient treatment, 11 it is important to notice that this Ã Odds ratios were adjusted for intervention arm and were estimated using multilevel logistic regression with the 3 levels defined by patient, physician, and emergency department. Confidence intervals (CI) were not estimated if less than 5 outpatients or inpatients had the characteristic.
w Missing values were assumed to be normal when calculating the Pneumonia Severity Index, as performed in the original derivation and validation of this prognostic rule 5 .
z Values for physical examination findings were missing for respiratory rate (n =11), systolic blood pressure (n =8), temperature (n =18), and pulse rate (n =4). ‰ Values for laboratory and x-ray findings were missing for arterial pH (n =1,691), blood urea nitrogen (BUN) (n =644), sodium (n =638), glucose (n =649), hematocrit (n =528), and radiographic pleural effusion (n =11).
group of patients accounted for only one-third of low-risk patients who were hospitalized. The second group of hospitalized low-risk inpatients were those with preexisting treatments, radiographic abnormalities, or comorbid conditions not contained in the PSI. Among these medical factors associated with an increased odds of inpatient treatment, pulmonary disease, diabetes mellitus, history of coronary artery disease, 3,10 multilobar radiographic infiltrates, 3, 10, 18, 19, 21 and therapy with antibiotics before admission 10, 18, 19, 21 were previously identified as reasons for hospital admission of low-risk patients. Although not previously identified in the literature, we also found that home oxygen therapy and corticosteroid therapy were strong independent predictors of hospital admission of low-risk patients. Despite the lack of published data consistently supporting an increased risk of mortality or other adverse medical outcomes for these factors, together, these characteristics accounted for 47.1% of hospitalizations for low-risk patients in our study. Pulmonary disease, diabetes mellitus, and history of coronary artery disease were not incorporated into the original PSI because they were not found to be independent predictors of mortality. 5 Additionally, no consistent association between pulmonary disease and short-term mortality following an episode of pneumonia has been documented in the medical literature. 22 Although significant univariate associations between short-term mortality and diabetes mellitus, 22, 23 history of coronary artery disease, 22 or presence of multilobar radiographic infiltrates 22, 24 exist, there is no evidence that these factors are independent Ã Odds ratios were adjusted for intervention arm and were estimated using multilevel logistic regression with the 3 levels defined by patient, physician, and emergency department. Confidence intervals (CI) were not estimated if less than 5 outpatients or inpatients had the characteristic.
w Race was missing for 1 patient.
z No patients had stupor, coma, or diabetic ketoacidosis. ‰ Cardiac disease included unstable angina, acute myocardial infarction, heart failure or pulmonary edema treated with intravenous diuretics, and life-threatening arrhythmia or cardiac arrest. k A severe abnormality in one or more vital signs consisted of: pulse 4150 per minute, respiratory rate 440 per minute, or systolic blood pressure o60 mmHg. z A severe abnormality in 1 or more laboratory values consisted of: hematocrit o24%, serum sodium o120 meq/L, serum glucose 4500 mg/dL, or arterial pH o7.25. # Values for x-ray findings were missing for bilateral radiographic infiltrates (n =12) and multilobar radiographic infiltrates (n =12).
predictors of mortality after adjusting for other confounders of pneumonia severity. The third group, patients who had no identifiable factors for hospitalization other than those that determine PSI risk class, accounted for 20.1% of the low-risk inpatients. While one-third of these patients were in PSI risk class III, the majority (67.1%) were in PSI risk classes I and II. The reasons for hospitalization of such patients are unclear and may have included patient or family preferences, physician risk aversion, or physician judgment that the patient's severity of illness warranted hospitalization despite their low-risk classification and the absence of medical or psychosocial contraindications to outpatient care.
What are the clinical implications for these 3 groups of low-risk inpatients? Hospital admission appears to be clearly justified for the first group of low-risk inpatients who had one or more delineated contraindications to outpatient treatment.
Although such patients who have a terminal illness or a ''no code'' status and strong preference for treatment outside the hospital are legitimate exceptions to this rule, the majority of patients in this group would likely benefit from treatment or observation in a hospital setting. In contrast, the appropriateness of hospitalization for the third group of inpatients with no contraindications to outpatient treatment and no discernable risk factor for hospitalization is questionable. In a randomized-controlled trial, Carratala et al. 25 found that outpatient treatment was as effective and safe as hospitalization in 224 patients in PSI risk classes II to III without unstable comorbid conditions or contraindications to outpatient treatment. It is likely that the majority of these patients could have been safely treated in the outpatient setting. The ideal site of treatment for the second group of patients remains uncertain. Although these patients have identifiable risk factors for hospitalization, none of these factors represent absolute indi- Odds ratios were estimated using multilevel logistic regression with the 3 levels defined by patient, physician, and emergency department. CI denotes confidence interval.
z Comorbid conditions not in the PSI included cognitive impairment, history of coronary artery disease, pulmonary disease, and diabetes mellitus. Ã Comorbid conditions not in the PSI included cognitive impairment, history of coronary artery disease, pulmonary disease, and diabetes mellitus.
w Treatment before presentation included home oxygen therapy, oral or inhaled corticosteroid therapy, and antibiotic therapy within 7 days of presentation.
cations for hospitalization and none have independent associations with increased mortality after controlling for other demographic and clinical characteristics found in the PSI. Further study is needed to determine whether physicians' reluctance to treat these patients in the outpatient setting is justified.
The limitations of our study should be acknowledged. First, demographic differences between patients who were and were not enrolled in the EDCAP trial may diminish the generalizability of our findings. However, the 80% enrollment rate was laudable for a large multicenter trial, and most of the nonenrolled patients were likely to be higher-risk patients and therefore excluded from the present study. Second, our analyses focused on patient, provider, and site characteristics available from retrospective chart review and physicians were not asked for the reason for hospital admission of low-risk patients. Future prospective studies are needed to document the physician reasons for hospital admission of low-risk patients with pneumonia. Third, the associations between the site of treatment and the characteristics examined in our study might have been altered by the design of the EDCAP trial. Although this trial was designed to test the effectiveness of 3 interventions of incremental intensity in increasing the proportion of low-risk patients treated as outpatients, 11 we did not observe any statistically significant first-order interactions between intervention arm and patient, physician, and emergency department characteristics, suggesting that the associations found in our study were independent of the intervention arm. Fourth, the EDCAP trial was conducted in emergency departments in Connecticut and Western Pennsylvania and our findings may not extend to patients managed in other clinical settings or geographic locations.
In conclusion, in this trial to promote outpatient treatment of low-risk patients based on PSI risk class and level of arterial oxygenation, hospital admission was justified for onethird of low-risk inpatients based upon the presence of one or more predefined contraindications to outpatient treatment. At least one-fifth of low-risk inpatients who were hospitalized did not have a contraindication to outpatient treatment or an identifiable risk factor for hospitalization, suggesting that treating an even larger proportion of low-risk patients in the outpatient setting could be achieved without adversely affecting patient outcomes. The treatment of patients with no contraindications to outpatient treatment that have 1 or more risk factors for hospitalization is uncertain and deserves further study.
